Protoplasts of Bacillus megaterium grew well and divided in nutrient broth containing 0.5 M NaCl as the stabilizer. Protoplasts also grew when sucrose or succinate was used instead of NaCl; however, no division phenomena were observed. Since the original observation by McQuillen (7) of growth and division of protoplasts of Bacillus megaterium, growth characteristics of bacterial piotoplasts have been studied. Jeynes (5) reported evidence for the potential ability of protoplasts of Bacillus megaterium to divide during growth. On the other hand, showed that protoplasts of B. megaterium grew 10 to 20 times their original volume in succinatebuffered nutrient broth. Deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) content increased 10-fold and 8-fold during growth, and division was not observed. The same phenomena on growth of protoplasts as described by FitzJames were observed by Weibull and Beckman (11).
Since the original observation by McQuillen (7) of growth and division of protoplasts of Bacillus megaterium, growth characteristics of bacterial piotoplasts have been studied. Jeynes (5) reported evidence for the potential ability of protoplasts of Bacillus megaterium to divide during growth. On the other hand, Fitz-James (2) showed that protoplasts of B. megaterium grew 10 to 20 times their original volume in succinatebuffered nutrient broth. Deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) content increased 10-fold and 8-fold during growth, and division was not observed. The same phenomena on growth of protoplasts as described by FitzJames were observed by Weibull and Beckman (11) .
During biochemical studies on the protoplasts of B. megaterium, we found that growing protoplasts divided into two spherical daughter protoplasts, that DNA and RNA were halved during division, and also that penicillin inhibited the division of protoplasts.
In this paper, conditions suitable for division and growth of protoplasts and the chemical composition of protoplasts which were grown with and without penicillin are reported. Media and growth conditions. B. megaterium was grown in a medium containing the following ingredients per 100 ml of distilled water: glucose, 2.0 g; yeast extract (Difco), 0.25 g; and vitamin-free Casamino Acids (Difco), 2.5 g. Before being autoclaved, the medium was adjusted to pH 7.5 with NaOH. The organism was grown at 30 C in Sakaguchi flasks containing 70 ml of medium on a reciprocal shaker. Inoculation was with 0.1 ml of a subculture previously incubated in test tubes on a shaker for 20 hr. For preparation of protoplasts, cells were harvested by centrifugation, resuspended in 125 ml of 0.4 M sucrose in 0.1 M phosphate buffer (pH 6.5) containing 5 mg of lysozyme, and incubated at 30 C. Over 99% of the cells were converted to spherical protoplasts within 30 min. The protoplasts were washed once with buffered sucrose solution. Basal medium for testing the growth of protoplasts had the following composition: enzymatic casein hydrolysate (Nutritional Biochemicals Corp., Cleveland, Ohio), 1.0 g; K2HPO4, 50 mg; KH2PO4, 30 mg; MgS04*7H20, 20 mg; MnSO4, 1.0 mg; FeSO4-7H20, 0.6 mg; CaCk2, 10 mg; NaCl, 10 mg; and distilled water, 100 ml. The pH was adjusted to 6.5 with NaOH. For stabilizing the protoplasts, 0.5 M sucrose, NaCl, and succinate were tested.
A 0.1-to 0.3-ml amount of a suspension of washed protoplasts was pipetted into test tubes containing 10 ml of the growth medium. The test tubes were incubated at 30 C and were shaken at 80 strokes per min on a test tube shaker (Ishiyama Co., Tokyo. Japan). were measured by direct counting in a Petroff-Hausser counting chamber after the protoplasts had been fixed with 10% formaldehyde. Chemical analysis. Samples of the culture were taken at suitable intervals and centrifuged at 2,000 X g at 4 C. Dry weight was measured after the fixed protoplasts had been dried at 105 C for 5 hr. Membranes were prepared by the method of Mizushima et al. (8) . Protoplasts were poured into cold distilled water containing 5 ,umoles of MgCI2 (Mg-water) per ml and 2 ,ug of deoxyribonuclease per ml, and were then centrifuged at about 11,000 X g for 15 min. The pellets were washed three times with Mgwater.
Amino sugar in the membrane was estimated by the Elson-Morgan procedure as modified by Rondle and Morgan (10) after membranes had been digested by 6 N HCI at 105 C for 15 hr. For the determination of lipid phosphorus in the membrane, chloroformmethanol (2: 1) extractable materials from lyophilized membranes were digested with HClO4 at 260 C for 3 hr. Inorganic phosphorus from the digested membrane lipid was estimated by the method of Allen as modified by Nakamura (9) .
For the determination of nucleic acids, samples were subjected to the fractionation procedure described by Fleck and Munro (3). RNA was determined by orcinol reaction with the cold HCIO4-extractable fraction after the sample had been digested with 0.3 N KOH at 37 C for 1 hr. The residue after extraction of RNA was dissolved in 0.3 N KOH and was analyzed for DNA. DNA was estimated by the Ceriotti procedure (1) with calf-thymus DNA as a standard.
RESULTS
The effect of stabilizing substances on growth of protoplasts is shown in Fig. 1 . Protoplasts grew well in sucrose medium; however, when NaCl was used instead of sucrose, turbidity after 5 hr almost doubled. Succinate was better than sucrose, but inferior to NaCl. In McQuillen's medium (7), protoplasts were lysed when agitation began. When lysis did occur, it could be detected both in the photometer and in the phase-contrast microscope. With lysis, the turbidity decreased and free poly-f-hydroxybutyrate granules appeared in the culture. Lysis could also be detected by measuring reduced nicotinamide adenine dinucleotide dehydrogenase activity in the culture fluid (I. Kusaka and K. Kitahara, in preparation). Figure 2 illustrates an example of a growth experiment in NaCl medium. Protoplasts enlarged during the first 3 hr from 1.76 to about 3.5 A in diameter, and division of the enlarged protoplasts followed during the next 2 hr. The total number of protoplasts increased about threefold during growth. Therefore, a single protoplast had divided once or twice during 5 hr of incubation in this experiment. Dry weight increased over 20-fold.
Possible sequence of growth and division of protoplasts are seen in Fig. 3 tuberance formed in the enlarged protoplasts, resembling budding in yeast; the nodules enlarged until eventually symmetrical dumbbell-shaped bodies were formed (Fig. 3C) , and then divided into two daughter protoplasts. The sequence was the same as described by McQuillen (7). Penicillin has no inhibitory effect on growth of protoplasts at 1,000 units/ml, as described by Hancock and Fitz-James (4); however, it inhibited division of protoplasts (Fig. 4) . All of the protoplasts enlarged, and bodies having a diameter of over 6,u were formed in greater numbers after about 5 hr of incubation.
Chemical analysis of growing protoplasts. Table 1 . In the presence of penicillin, the amount of DNA and RNA and the dry weight per protoplast increased about 6.5-, 13-, and 10-fold, respec- (12) , it has been anticipated that the murein formation might be inhibited by the drug. The results shown in Table 2 indicate that penicillin prevented membrane-bound murein formation. Since amino sugar is the main component of bacterial murein, membrane-bound amino sugar reflects the amount of murein. The major constituents of cell walls of B. megaterium B 205-3 identified in acid hydrolysates by paper chromatography were alanine, glutamic acid, diaminopimelic acid, glucosamine, and muramic acid. Therefore, murein of this organism was presumed to be composed of these compounds. Amino sugar content was about 23.5 % of the dry weight of the cell walls (I. Kusaka, unpublished data).
Inhibition of protoplast division by penicillin, therefore, appears to be due to a lack of organized murein on the membrane when protoplasts are grown in the presence of the drug. In other words, certain amounts of organized murein formed on the membrane may play an important role in the septation process.
The amount of amino sugar per cell present in the membrane of a dividing protoplast is about 5% of that in the normal bacterial cell wall.
